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The sulfhydri l groups are endowed with a strong reaction capacity, and 
this enables them to participate in a great variety of reactions. Many of these 
reactions are linked to the enzyme catalysis , and are of interest both for theo­
retical researches and practice. 
To demonstrate sulfhydri l groups various methods have been proposed, 
based on reactions in which the groups in question take part. The method of 
amperometric t i tration wi th si lver nitrate, suggested for the first time by 
I . M . Kolthoff and W . A . Harr i s in 1946 (11), and applied for sulfhydri l groups 
determination by R . Benesch and R . A . Benesch (9), is extensively adopt­
ed in practide. A detailed description of the amperometric t i trat ion method 
in its different variants can be found in a number of scientific publications 
( 1 , 2, 3 , 4, 5, 6, 7, 8, 10). U n l i k e the photometric methods, amperometric t i ­
trat ion makes possible the carrying out of determinations in turbid solutions. 
We made it our aim to develop a prompt and exact method of ampero­
metric sulfhydri l groups t i tration in biological material through continuous 
automatic t i tration and registration of the results, without recording the ex­
penditure of silver nitrate mi l l i l i t e rs . 
Apparatus description 
The schematic structure of the apparatus employed is shown in F i g . 1. 
I t consists of a calomel electrode A connected through an electrolyte bridge, 
made up of saturated potassium chloride solution, wi th the tube B . The lat­
ter has a tapered point, and opening with 
diameter measuring about 0.5 mm. The tube 
is f i l led with agar gel, prepared from saturat­
ed potassium chloride solution, wi th the aid 
of which the connection between the so­
lution under study in the cell Е and the calo­
mel electrode A is effected. Faucet 4 (F ig 1). 
is for convenience in f i l l ing up the electro­
lyte bridge. The rotating electrode С is con­
nected wi th the cathode of the polarographic 
device. Movement of the electrode to avoid 
polarization is realized by the electric motor 
M at speed 1390 revolutions/minute. I ts curv­
ed platinum end is submerged in the solu­
tion under study. Continuous titration with 
si lver nitrate, after the author's suggestion, 
is accomplished at equal velocity by the 
biuret D . For the purpose the entire biuret is f i l led up w i t h si lver nitrate, 
and the graduated portion is shut off using faucet 3. Faucet 3. regulates the 
slow outflow of silver nitrate at a constant velocity. Th is mode of t itration 
enables the solutions wi th equal concentration of free sul fhydri l groups to 
display equal lengths of the linear graphs, recorded automatically by the 
F i g . 1 
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polarograph. I n the setup outlined, it is unnecessary to account for the amount 
of silver nitrate ( in mil l i l i ters) used up. The length of the graph in mill imeters, 
obtained from a predetermined amount of cysteine solution with known 
concentration, serves as a reference unit . Faucet 1 serves for turning on and 
off the uniform outflow of silver nitrate upon sample replacement. 
F i g . 2 F i g . 3 F i g . 4 
The personally designed calomel electrode is shown in F i g . 2. Charging 
of the electrode is done in a fashion described in the literature (1). On the bot­
tom of the electrode a mercury layer is placed wherein the platinum point 
of the pipette 1 is completely submerged. Calomel paste is stratified over the 
mercury. The paste is prepared from 4 g calomel, a drop of mercury, and small 
amount of saturated potassium chloride solution. The mixture is thoroughly 
stirred in a glass mortar, and then transferred into a flask by adding 30—40 
m l saturated potassium chloride solution. The flask is shaked for 2—3 m i -
nutes, and after sedimentation the supernatant is decanted. Once again 3 0 — ч ! 
40 ml saturated potassium chloride solution is added to the sediment. T h e f l 
described processing of calomel paste is repeated three times. A t the last treat­
ment, the calomel suspension mixed wi th saturated potassium chloride solu­
t ion , is carefully poured into the flask wi th mercury through opening 2 wi th 
point of the platinum electrode submerged in the mercury. F i l l i n g out of the 
calomel electrode is done in a fashion allowing tube 3 to remain immersed 
in the saturated solution of potassium chloride. Tube 3 (see F i g . 2) is con­
nected wi th a side faucet (see F i g . 1) for greater convenience in electrolyte 
bridge f i l l ing . Th is is accomplished by aspirating the l iquid through a tube 
connected wi th faucet 4. The latter i& turned off after f i l l ing out the electro­
lyte bridge. 
f 
16f • N; Ivanov 
: A rotating platinum electrode of personal design is i l lustrated in F i g . 3 . 
I t has cross section 1 m m , and its curved end is submerged in the sample un-
der investigation. I t is attached to a rotating ax is , which terminates in its 
upper end wi th a small chamber, half-f i l led wi th mercury. The chamber has 
a cover wi th a hole for the conductor by means of which contact is established 
wi th the polarographic apparatus set. 
F i g . 4 illustrates the platinum electrode which is an integral part of 
the calomel electrode. I t is made of a thick-walled tube w i t h tapered end i n 
the opening of which a platinum conductor wi th 1 mm cross section is insert-
ed. Inside the tube the platinum point is welded to a copper conductor which 
is in contact wi th the polarograph. To avoid corrosion phenomena, the tube 
is f i l led wi th hot melted paraffin under vacuum. 
Amperometric t i t r a t i o n of^sulfhydril 
group solut ions 
The polarographic apparatus set is started ten minutes before the expe-
riment, at electric power 0.2 volts and sensibility 1/500. The microbiuret 
i s f i l led up wi th 10~ 4 M solution of si lver nitrate, and the air is removed. 
Faucet 3 is shut off, while faucet 1 is 
set running, and wi th the aid of fau-
/
/ cet 2 the slow, uniform outflow of 
/ the silver nitrate solution is regulat-
/ ed. Thus the t i trat ion velocity of the 
j - solution under study is also established. 
' ' I T r i a l graphs wi th control cysteine so-
lution are set in order to find the 
/ j most suitable t i trat ion, velocity. F a u -
/ cet 2 is left in the selected set posi-
j t ion. Faucet 1 is used for suspending 
/] t i tration during sample replacement. 
1 ! " A buffer mixture made up of 2 m l 
° 'A^MD / ^ ^ solution of ammonium nitrate 
/ 9 3/ a n d 2 m l 0.2 M ammonium solution is 
prepared in small flasks. The result-
g - 5 ing buffer solution is wi th 8 . 4 p H . After 
adding 1 m l of the control cysteine 
solution wi th concentration 10~ 4 M , it is placed in the t i trat ion appliance 
in a fashion that the point of the microbiuret, the curved end of the rotating 
platinum electrode, and the point of the electrolyte bridge tube are submer-
ged in the solution. The electric motor, connected w i t h the rotating plat inum 
electrode, is started. The arrow of the recording appliance is placed at the 
starting l ine, and is set on record. Starting of the polarographic apparatus 
is done simultaneously w i t h turning on faucet 1. The process of t i t rat ion and 
recording of the result is accomplished automatically. Switching off of the, 
polarograph and interruption of the t i tration is done after altering the graph 
course. I n F i g . 5 are illustrated examples of the recording graphs obtained. 
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Calculation of results 
The results of the determinations are calculated in moles cysteine (sulf­
hydr i l groups) relative to one mil l igram protein content. 
The f inal result is found on the basis of the formula: 
В 
X = A . С • 10 4 M cysteine (sulfhydri l groups), where X are the 
sulfhydri l groups per 1 mil l igram protein content, expressed in moles 
cysteine (sulfhydril groups); A — linear units of the graph, obtained from 
the control sample per 1 mi l l i l i t e r 10~ 4 M cysteine solution, measured in m i l ­
limeters; В — linear units of the working sample, measured in mil l imeters ; 
С — gamma protein in the sample under study. 
I n Table 1 are indicated the values of graphs, obtained in the course of 
five equal determinations of samples wi th different cysteine and glutathione 
concentrations. The reproducibility of the results from the various determi­
nations in solutions wi th equal concentration justifies the drawing of a con­
clusion about the exactness of the method. 
T a b l e 1 
Type of 
solution 0.25 ml 0-50 ml 1.00 ml 2.00 ml 






31 m m 
31 mm 
X = 3 1 . 0 m m 
± S = 0 
± S x = 0 






X = 6 0 . 2 mm 
± S = 0 . 4 4 7 
± S x = 0 . 1 0 0 
V = 0 . 7 4 2 
118 m m 
118 mm 
118 m m 
117 m m 
119 mm 
X = 118.0 mm 
±S=0.500 
± S x = 0 . 1 0 0 
V = 0 . 4 2 3 
236 mm 
237 m m 
237 m m 
237 m m 
235 mm 
X = 2 3 6 . 2 mm 
± S = 0.836 
± S x = 0 . 3 7 4 
V = 0 . 3 5 4 
1 0 * M 
glutathione 






X = 4 0 . 2 mm 
± S = 0 . 4 4 7 
± S x = 0 . 1 0 0 






X = 8 0 . 0 mm 
± S = 0 
± x = * 0 
V = 0 
156 mm 
157 m m 
156 mm 
156 mm 
155 m m 
X = 1 5 6 . 0 mm 
± = 0 . 7 4 1 
± S x = 0 . 3 3 1 
V = 0 . 4 7 4 
313 mm 
312 m m 
312 m m 
311 mm 
311 mm 
X = 3 U . 8 mm 
± S = 0 . 8 3 6 
± S x = 0 . 3 7 4 
V =6 ,268 
I n Table 2 are submitted the results of f ive equal determinations of sulf­
hydr i l groups in two types cysteine solutions, l iver homogenate, and standard 
addition of cysteine solutions to the l iver homogenate. 
The precision of determination upon 0.25 m l 10~ 4 M cysteine solution 
addition is 99.77 per cent, and upon 0.50 m l 10~ 4 M cysteine solution addi­
tion it is 99.25 per cent. 
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T a b 1 е 2 
0.25 ml 1 0 ~ 4 M 
cysteine 
solution 
0.50 ml 1 0 ~ 4 M 
cysteine 
solution 
L i v e r homogenate 
with 146 
protein 
per 1 ml 





0.50 m l 10~*M 
cysteine solu-
t i o n + l ml 
liver homoge­
nate 
22 m m 
22 mm 
23 m m 
22 mm 
22 mm 
X = 2 2 . 2 mm 
± S - 0 . 4 4 7 
± S x = 0 . 1 0 0 






X = 4 3 . 0 mm 
± S = 0 
± S x = 0 
V = 0 
66 m m 




X = 6 5 . 4 mm 
± S = 0 . 5 4 7 
± S x = 0 2 4 4 







± S = 0 . 8 9 4 
± S x = 0 . 4 0 0 






X - 1 0 9 . 2 m m 
± S = 0 . 4 4 7 
± S x = 0 . 1 0 0 
V - 0 . 4 0 9 
Conclusions 
1. A prompt and accurate variant of the method of amperometric t i trat ion 
of s u l f h y d r i l groups in biological material is proposed (a single demonstration 
is performed at speed ranging from a few seconds to 2 minutes). 
2. Continuous automatic t i tration and registration of the results, without 
recording the mi l l i l i ters of si lver nitrate spent for individual samples, is in ­
troduced in practice for the first t ime. 
3. Calculation of the results is done on the basis of linear values of the graphs 
for the control and working samples, recorded by the polarograph. 
4. A formula for calculating the f inal results in moles of sul fhydri l groups is 
deduced. 
5. A simple design of the calomel electrode wi th sufficiently large mercurial 
surface, indispensable for the proper function of the apparatus set, is des­
cribed. 
6. A personal design of rotating platinum electrode, securing the contact 
w i t h the polarograph, is suggested. 
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А М П Е Р О М Е Т Р И Ч Е С К О Е О П Р Е Д Е Л Е Н И Е С У Л Ь Ф ГИДР ИЛЬИ Ы Х Г Р У П П 
В Б И О Л О Г И Ч Е С К О М М А Т Е Р И А Л Е 
Н. Иванов 
Р Е З Ю М Е 
Методика дает возможность для быстрых и точных определений сульфгидрильных 
групп. И с п о л ь з у е т с я приспособление к полярографическому устройству , снабженное 
самозаписывающей аппаратурой. В к л ю ч е н и е полярографического устройства на з а ­
пись происходит одновременно с открытием пускового крана титровального устройства . 
Процесс титрования и запись результатов происходит автоматически. Сравниваются 
линейные длины график неизвестного раствора с таковыми, полученными от 10~~4 М 
раствора цистеина и в ы ч и с л я ю т с я молярные количества сульфгидрильных групп. В ы ­
ведена формула для вычисления конечных результатов . 
